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OPTIMIZATION FOR FINDING DIRECTION
OF ARRIVAL IN SMART ANTENNAS

TECHNICAL FIELD

The present disclosure generally relates to wireless com-
munication systems, and more specifically to a method for
searching of a direction of arrival of a transmitted signal.

BACKGROUND

A smart antenna system exploits space diversity by
employing an array of antennas whose radiation pattern can
be aligned 1n a direction of arrtval (DoA) of a specific signal
to be detected. As a result, a Quality of Service (QoS) can be
improved, co-channel interference can be reduced, and a
capacity of the system can be increased.

Smart antennas can be installed on a base station side or on
a user terminal side. When smart antennas are employed at the
base station, a DoA of a desired signal transmitted from a
source of interest (1.e., user terminal ) needs to be determined.
Once the DoA 1s computed, then a radiation pattern (beam) of
smart antennas can be oriented 1n the desired direction using
some beam forming technique instead of utilizing uniform
radiation pattern. As the user terminal moves around the cell,
the smart antenna system updates the DoA and aligns the
radiation beam at the base station in the direction of the user
terminal. On the other hand, when smart antennas are
employed at the user terminal, 1t 1s required to determine a
DoA of a signal transmitted from a serving base station.

In an exemplary case when smart antennas are imple-
mented at the base station, a sub-space analysis algorithm can
be applied at the base station 1n order to find the DoA of a
signal transmitted from a specific user terminal, such as MUI-
tiple SIgnal Classification (MUSIC) algorithm or Estimation
of Signal Parameters via Rotational Invariance Techniques
(ESPRIT) algorithm. Both of these algorithms start searching
from one point in space and search the entire space of interest.
Computational complexity of these algorithms increases
exponentially as the number of active user terminals 1n the
system 1ncreases. Because of high computational complexity
of sub-space searching algorithms, a special dedicated digital
signal processor (DSP) can be required to be implemented at
the base station for computing directions of arrivals of all
served user terminals 1n the system. Moreover, these search-
ing algorithms can have limited accuracy, especially if a large
space needs to be examined.

Therefore, there 1s a need 1n the art for a method that
simplifies search for a direction of arrival of a specific signal
while providing suilicient accuracy.

SUMMARY

Certain embodiments of the present disclosure provide a
method for a wireless device. The method generally includes
receiving an Assisted Global Positioning System (A-GPS)
estimate of global coordinates of an another wireless device,
using the received A-GPS estimate of global coordinates to
determine a direction of arrival (DoA) of a signal transmuatted
from the other wireless device, aligning an antenna radiation
pattern at the wireless device based on the determined DoA,
and communicating with the other wireless device using the
aligned antenna radiation pattern.

Certain embodiments of the present disclosure provide an
apparatus for a wireless device. The apparatus generally
includes logic for receiving an Assisted Global Positioning
System (A-GPS) estimate of global coordinates of an another
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wireless device, logic for using the recerved A-GPS estimate
of global coordinates to determine a direction of arrival
(DoA) of a signal transmitted from the other wireless device,
logic for aligning an antenna radiation pattern at the wireless
device based on the determined DoA, and logic for commu-
nicating with the other wireless device using the aligned
antenna radiation pattern.

Certain embodiments of the present disclosure provide an
apparatus for a wireless device. The apparatus generally
includes means for recerving an Assisted Global Positioning
System (A-GPS) estimate of global coordinates of an another
wireless device, means for using the recetved A-GPS estimate
of global coordinates to determine a direction of arrival
(DoA) of a signal transmitted from the other wireless device,
means for aligning an antenna radiation pattern at the wireless
device based on the determined Do A, and means for commu-
nicating with the other wireless device using the aligned
antenna radiation pattern.

Certain embodiments of the present disclosure provide a
computer-program product for a wireless device, comprising
a computer readable medium having instructions stored
thereon, the instructions being executable by one or more
processors. The instructions generally include instructions
for recerving an Assisted Global Positioning System (A-GPS)
estimate of global coordinates of an another wireless device,
instructions for using the received A-GPS estimate of global
coordinates to determine a direction of arrival (DoA) of a
signal transmitted from the other wireless device, istructions

for aligning an antenna radiation pattern at the wireless device
based on the determined DoA, and instructions for commu-

nicating with the other wireless device using the aligned
antenna radiation pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner 1n which the above-recited features of
the present disclosure can be understood in detail, a more
particular description, briefly summarized above, may be had
by reference to embodiments, some of which are 1llustrated in
the appended drawings. It 1s to be noted, however, that the
appended drawings illustrate only certain typical embodi-
ments of this disclosure and are therefore not to be considered
limiting of 1ts scope, for the description may admit to other
equally effective embodiments.

FIG. 1 illustrates an example wireless communication sys-
tem, 1n accordance with certain embodiments of the present
disclosure.

FIG. 2 illustrates various components that may be utilized
in a wireless device 1n accordance with certain embodiments
of the present disclosure.

FIG. 3 illustrates an example transmitter and an example
receiver that may be used within a wireless communication
system 1n accordance with certain embodiments of the
present disclosure.

FIG. 4 1illustrates example operations for determining a
direction of arrival of a specific transmitted signal using only
an Assisted Global Positioning System (A-GPS) estimate of
global coordinates in accordance with certain embodiments
of the present disclosure.

FIG. 4A 1llustrates example components capable of per-
forming the operations 1llustrated 1n FIG. 4.

FIG. 35 illustrates example operations for determining a
direction of arrival of a specific transmitted signal by using an
A-GPS estimate of global coordinates as a starting point of a
sub-space search algorithm 1n accordance with certain
embodiments of the present disclosure.
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FIG. SA illustrates example components capable of per-
forming the operations 1llustrated 1n FIG. 5.

DETAILED DESCRIPTION

The word “exemplary” 1s used herein to mean “serving as
an example, instance, or illustration.” Any embodiment
described herein as “exemplary” 1s not necessarily to be con-
strued as preferred or advantageous over other embodiments.

An Example Wireless Communication System

The techniques described herein may be used for various
broadband wireless communication systems, including com-
munication systems that are based on an orthogonal multi-
plexing scheme. Examples of such communication systems
include Orthogonal Frequency Division Multiple Access
(OFDMA) systems, Single-Carrier Frequency Division Mul-
tiple Access (SC-FDMA) systems, and so forth. An OFDMA
system utilizes orthogonal frequency division multiplexing
(OFDM), which 1s a modulation technique that partitions the
overall system bandwidth into multiple orthogonal sub-car-
riers. These sub-carriers may also be called tones, bins, eftc.
With OFDM, each sub-carrier may be independently modu-
lated with data. An SC-FDMA system may utilize interleaved
FDMA (IFDMA) to transmit on sub-carriers that are distrib-
uted across the system bandwidth, localized FDMA
(LEFDMA) to transmit on a block of adjacent sub-carriers, or
enhanced FDMA ( HFDMA) to transmit on multiple blocks of
adjacent sub-carriers. In general, modulation symbols are
sent 1n the frequency domain with OFDM and 1n the time
domain with SC-FDMA.

One specific example of a communication system based on

an orthogonal multiplexing scheme 1s a WiMAX system.
WiMAX, which stands for the Worldwide Interoperability for

Microwave Access, 1s a standards-based broadband wireless
technology that provides high-throughput broadband con-
nections over long distances. There are two main applications
of WiIMAX today: fixed WiMAX and mobile WiIMAX. Fixed
WIMAX applications are point-to-multipoint, enabling
broadband access to homes and businesses, for example.
Mobile WiMAX offers the tull mobaility of cellular networks
at broadband speeds.

IEEE 802.16x 1s an emerging standard organization to
define an air interface for fixed and mobile broadband wire-
less access (BWA) systems. IEEE 802.16x approved “IEEE
PR802.16d/DD5-2004" in May 2004 for fixed BWA systems and
published “IEEE P802.16e/D12 October 2005 1n October
2005 for mobile BWA systems. The latest revision of the
IEEE 802.16-2004, “IEEE P802.16Rev2/D8 December
2008”,, a draft standard, now consolidates materials from
IEEE 802.16¢ and corrigendum. The standards define four
different physical layers (PHYs) and one medium access
control (MAC) layer. The OFDM and OFDMA physical layer
of the four physical layers are the most popular 1n the fixed
and mobile BWA areas respectively.

FIG. 1 depicts various user terminals 106 dispersed
throughout the system 100. The user terminals 106 may be
fixed (1.e., stationary) or mobile. The user terminals 106 may
alternatively be referred to as remote stations, access termi-
nals, terminals, subscriber units, mobile stations, stations,
user equipment, etc. The user terminals 106 may be wireless
devices, such as cellular phones, personal digital assistants
(PDAs), handheld devices, wireless modems, laptop comput-
ers, personal computers, efc.

A varilety of algorithms and methods may be used for
transmissions in the wireless communication system 100

10

15

20

25

30

35

40

45

50

55

60

65

4

between the base stations 104 and the user terminals 106. For
example, signals may be sent and recerved between the base
stations 104 and the user terminals 106 1n accordance with

OFDM/OFDMA techniques. If this 1s the case, the wireless
communication system 100 may be referred to as an OFDM/
OFDMA system.

A communication link that facilitates transmission from a
base station 104 to a user terminal 106 may be referred to as

a downlink (DL) 108, and a communication link that facili-

tates transmission from a user terminal 106 to a base station
104 may be referred to as an uplink (UL) 110. Alternatively,
a downlink 108 may be referred to as a forward link or a
forward channel, and an uplink 110 may be referred to as a
reverse link or a reverse channel.

A cell 102 may be divided into multiple sectors 112. A
sector 112 1s a physical coverage area within a cell 102. Base
stations 104 within a wireless communication system 100
may utilize antennas that concentrate the flow ol power
within a particular sector 112 of the cell 102. Such antennas
may be referred to as directional antennas.

FIG. 2 illustrates various components that may be utilized
in a wireless device 202 that may be employed within the
wireless communication system 100. The wireless device 202
1s an example of a device that may be configured to implement
the various methods described herein. The wireless device
202 may be a base station 104 or a user terminal 106.

The wireless device 202 may include a processor 204
which controls operation of the wireless device 202. The
processor 204 may also be referred to as a central processing
unit (CPU). Memory 206, which may include both read-only
memory (ROM) and random access memory (RAM), pro-
vides mnstructions and data to the processor 204. A portion of
the memory 206 may also include non-volatile random access
memory (NVRAM). The processor 204 typically performs
logical and arithmetic operations based on program instruc-
tions stored within the memory 206. The instructions in the
memory 206 may be executable to implement the methods
described herein.

The wireless device 202 may also include a housing 208
that may include a transmatter 210 and a recetver 212 to allow
transmission and reception ol data between the wireless
device 202 and a remote location. The transmitter 210 and
receiver 212 may be combined into a transceiver 214. A single
or a plurality of transmit antennas 216 may be attached to the
housing 208 and electrically coupled to the transcerver 214.
The wireless device 202 may also include (not shown) mul-
tiple transmitters, multiple recervers, and multiple transce1v-
ers.

The wireless device 202 may also include a signal detector
218 that may be used 1n an effort to detect and quantify the
level of signals recerved by the transcerver 214. The signal
detector 218 may detect such signals as total energy, energy
per subcarrier per symbol, power spectral density and other
signals. The wireless device 202 may also include a digital
signal processor (DSP) 220 for use 1n processing signals.

The various components of the wireless device 202 may be
coupled together by a bus system 222, which may include a
power bus, a control signal bus, and a status signal bus in
addition to a data bus.

FIG. 3 1llustrates an example of a transmaitter 302 that may
be used within a wireless communication system 100 that
utilizes OFDM/OFDMA. Portions of the transmitter 302 may
be implemented 1n the transmitter 210 of a wireless device
202. The transmitter 302 may be implemented in a base
station 104 for transmitting data 306 to a user terminal 106 on
a downlink 108. The transmitter 302 may also be 1mple-
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mented 1n a user terminal 106 for transmitting data 306 to a
base station 104 on an uplink 110.

Data 306 to be transmitted 1s shown being provided as
input to a serial-to-parallel (S/P) converter 308. The S/P con-
verter 308 may split the transmission data into M parallel data
streams 310.

The M parallel data streams 310 may then be provided as
input to a mapper 312. The mapper 312 may map the M
parallel data streams 310 onto M constellation points. The

mapping may be done using some modulation constellation,
such as binary phase-shift keying (BPSK), quadrature phase-
shift keying (QPSK), 8 phase-shiit keying (8PSK), quadra-
ture amplitude modulation (QAM), etc. Thus, the mapper 312
may output M parallel symbol streams 316, each symbol
stream 316 corresponding to one of the M orthogonal subcar-
riers of the inverse fast Fourier transform (IFFT) 320. These
M parallel symbol streams 316 are represented in the fre-
quency domain and may be converted imnto M parallel time
domain sample streams 318 by an IFFT component 320.

A brief note about terminology will now be provided. M
parallel modulations in the frequency domain are equal to M
modulation symbols 1 the frequency domain, which are
equal to M mapping and M-poimnt IFFT 1n the frequency
domain, which 1s equal to one (usetul) OFDM symbol 1n the
time domain, which 1s equal to M samples 1n the time domain.
One OFDM symbol in the time domain, N, 1s equal to N
(the number of guard samples per OFDM symbol)+M (the
number of useful samples per OFDM symbol).

The M parallel time domain sample streams 318 may be
converted into an OFDM/OFDMA symbol stream 322 by a
parallel-to-senial (P/S) converter 324. A guard insertion com-
ponent 326 may insert a guard interval between successive
OFDM/OFDMA symbols in the OFDM/OFDMA symbol
stream 322. The signal from the guard insertion component
326 may then be mput into demultiplexer 340 to generate
different data streams for a plurality of transmit antennas (or
equivalently, spatial subchannels). After that, the base-band
data stream for each antenna can be upconverted to a desired
transmit frequency band by a radio frequency (RF) front end
328, and the antenna array 330 may then transmit the result-
ing signal 332 across multiple spatial subchannels 334.

FIG. 3 alsoillustrates an example of areceiver 304 that may
be used within a wireless device 202 that utilizes OFDM/
OFDMA. Portions of the receiver 304 may be implemented in
the recerver 212 of a wireless device 202. The receiver 304
may be implemented 1n a user terminal 106 for recerving data
306 from a base station 104 on a downlink 108. The receiver
304 may also be implemented in a base station 104 for receiv-
ing data 306 from a user terminal 106 on an uplink 110.

The transmitted signal 332 1s shown traveling over a plu-
rality of spatial subchannels 334. When a signal 332' 1s
received by the antenna array 330, the recerved signal 332
may be downconverted to a baseband signal by an RF front
end 328' and converted into a single stream by multiplexer
340'. A guard removal component 326'may then remove the
guard interval that was inserted between OFDM/OFDMA
symbols by the guard insertion component 326.

The output of the guard removal component 326' may be
provided to an S/P converter 324'. The S/P converter 324' may
divide the OFDM/OFDMA symbol stream 322' into the M
parallel time-domain symbol streams 318', each of which
corresponds to one of the M orthogonal subcarriers. A fast
Fourier transform (FFT) component 320' may convert the M
parallel time-domain symbol streams 318' into the frequency
domain and output M parallel frequency-domain symbol
streams 316"
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A demapper 312' may perform the inverse of the symbol
mapping operation that was performed by the mapper 312

thereby outputting M parallel data streams 310'. A P/S con-
verter 308' may combine the M parallel data streams 310" into
a single data stream 306'. Ideally, this data stream 306' cor-
responds to the data 306 that was provided as input to the
transmitter 302. Note that elements 308', 310", 312", 316",
320", 318' and 324' may all be found 1n a baseband processor
350"

For certain embodiments of the present disclosure, the
wireless system 100 can be considered to be a smart antenna
system. The smart antenna system employs an array of anten-
nas whose radiation pattern can be aligned 1n a direction of
arrival (DoA) of a receiving signal to be decoded. Smart
antennas can be installed on the base station 104 and/or on the
user terminal 106. In order to properly align radiation pattern
of smart antennas for maximizing strength of a specific
receive signal, 1t 1s required to determine the DoA of this
signal. The present disclosure proposes methods for compu-
tationally efficient and accurate searching for the DoA. The
proposed methods utilize Assisted Global Positioning Sys-
tem (A-GPS) estimates of global coordinates that may be
available at any wireless device. The A-GPS estimate may be
even available inside a house or 1n a deep tunnel.

Efficient Methods for Finding Direction of Arrival

FIG. 4 illustrates example operations 400 that may be
applied at a base station to determine a DoA of a signal
transmitted from a specific user terminal using only an
A-GPS estimate of user terminal’s global coordinates. At
410, the base station may receive the A-GPS estimate of
global coordinates of the specific user terminal via a logical
uplink channel. After receiving the A-GPS estimate of global
coordinates, the base station may directly use these coordi-
nates 1n order to align its antenna radiation pattern in the
direction of the user terminal (1.e. to beam-form 1n the direc-
tion of the user terminal), at 420.

For certain embodiments of the present disclosure, smart
antennas can be also installed at a user terminal. In this case,
a serving base station may send 1ts A-GPS estimate of global
coordinates to the served user terminal, and then, based on
these global coordinates, the user terminal can align its
antenna radiation pattern in the direction of the base station.

By applying the proposed method, installation at the base
station and/or user terminal of any special DoA computation
processor may not be required. Furthermore, errors in deter-
mining DoA using known sub-space search algorithms can be
avoided.

The accuracy of locating the specific user terminal may be
turther improved at the base station if the A-GPS estimate of
user terminal’s global coordinates 1s utilized as a starting
point of the search 1n the sub-space search algorithms, such as
MUSIC and ESPRIT algorithms. As a result, the Do A search
algorithms may determine a location of the specific user
terminal with smaller computational complexity and with
improved accuracy.

FIG. § illustrates example operations 500 that may be
applied at the base station to determine a DoA of a signal
transmitted from the specific user terminal by employing
A-GPS estimate of user terminal’s global coordinates as a
starting point ol a sub-space search algorithm. At 510, the
base station may receive the A-GPS estimate of global coor-
dinates of the specific user terminal via a logical uplink chan-
nel. At 520, the base station may apply the sub-space search
algorithm to determine the DoA of the signal transmitted
from the specific user terminal by using the received A-GPS
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estimate of user terminal’s global coordinates as a starting
point of the DoA search algorithm. Once the location of the
specific user terminal 1s determined, the base station may
align 1ts antenna radiation pattern in the direction of the
specific user terminal (1.e. to beam-form 1n the direction of the
specific user terminal), at 530.

Certain embodiments of the present disclosure support
installation of smart antennas at a user terminal. In this case,
a serving base station may send 1ts A-GPS estimate of global
coordinates to the served user terminal. The user terminal
may use the recetved A-GPS estimate as a starting point of a
sub-space search algorithm. Once the location of the serving
base station 1s determined, the user terminal may align its
antenna radiation pattern in the direction of the base station.

The various operations of methods described above may be
performed by various hardware and/or software component
(s) and/or module(s) corresponding to means-plus-function
blocks illustrated in the Figures. For example, blocks 410-420
illustrated 1n FIG. 4 correspond to means-plus-function
blocks 410A-420A 1llustrated in FIG. 4A. Similarly, blocks
510-530 illustrated 1n FIG. 5 correspond to means-plus-func-
tion blocks S10A-3530A 1illustrated in FIG. 5A. More gener-
ally, where there are methods 1llustrated in Figures having
corresponding counterpart means-plus-function Figures, the
operation blocks correspond to means-plus-function blocks
with similar numbering.

The various illustrative logical blocks, modules and cir-
cuits described 1n connection with the present disclosure may
be implemented or performed with a general purpose proces-
sor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmable gate array
signal (FPGA) or other programmable logic device (PLD),
discrete gate or transistor logic, discrete hardware compo-
nents or any combination thereof designed to perform the
tfunctions described herein. A general purpose processor may
be a microprocessor, but 1n the alternative, the processor may
be any commercially available processor, controller, micro-
controller or state machine. A processor may also be 1mple-
mented as a combination of computing devices, €.g., a com-
bination of a DSP and a microprocessor, a plurality of
MICroprocessors, Oone Or more miCroprocessors 1 conjunc-
tion with a DSP core, or any other such configuration.

The steps of amethod or algorithm described in connection
with the present disclosure may be embodied directly 1n hard-
ware, 1n a software module executed by a processor, or in a
combination of the two. A software module may reside 1n any
form of storage medium that 1s known in the art. Some
examples of storage media that may be used include random
access memory (RAM), read only memory (ROM), flash
memory, EPROM memory, EEPROM memory, registers, a
hard disk, a removable disk, a CD-ROM and so forth. A
software module may comprise a single instruction, or many
istructions, and may be distributed over several different
code segments, among different programs, and across mul-
tiple storage media. A storage medium may be coupled to a
processor such that the processor can read information from.,
and write information to, the storage medium. In the alterna-
tive, the storage medium may be integral to the processor.

The methods disclosed herein comprise one or more steps
or actions for achieving the described method. The method
steps and/or actions may be interchanged with one another
without departing from the scope of the claims. In other
words, unless a specific order of steps or actions 1s specified,
the order and/or use of specific steps and/or actions may be
modified without departing from the scope of the claims.

The functions described may be implemented 1n hardware,
software, firmware or any combination thereof. If imple-
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mented 1n software, the functions may be stored as one or
more instructions on a computer-readable medium. A storage
media may be any available media that can be accessed by a
computer. By way of example, and not limitation, such com-
puter-readable media can comprise RAM, ROM, EEPROM,
CD-ROM or other optical disk storage, magnetic disk storage
or other magnetic storage devices, or any other medium that
can be used to carry or store desired program code 1n the form
of mstructions or data structures and that can be accessed by
a computer. Disk and disc, as used herein, include compact
disc (CD), laser disc, optical disc, digital versatile disc
(DVD), floppy disk, and Blu-ray® disc where disks usually
reproduce data magnetically, while discs reproduce data opti-
cally with lasers.

Software or instructions may also be transmitted over a
transmission medium. For example, if the software 1s trans-
mitted from a website, server, or other remote source using a
coaxial cable, fiber optic cable, twisted pair, digital subscriber
line (DSL), or wireless technologies such as infrared, radio,
and microwave, then the coaxial cable, fiber optic cable,
twisted pair, DSL, or wireless technologies such as infrared,
radio, and microwave are included in the definition of trans-
mission medium.

Further, it should be appreciated that modules and/or other
appropriate means for performing the methods and tech-
niques described herein can be downloaded and/or otherwise
obtained by a user terminal and/or base station as applicable.
For example, such a device can be coupled to a server to
facilitate the transfer of means for performing the methods
described herein. Alternatively, various methods described
herein can be provided via storage means (e.g., RAM, ROM,
a physical storage medium such as a compact disc (CD) or
floppy disk, etc.), such that a user terminal and/or base station
can obtain the various methods upon coupling or providing
the storage means to the device. Moreover, any other suitable
technique for providing the methods and techniques
described herein to a device can be utilized.

It 1s to be understood that the claims are not limited to the
precise configuration and components 1llustrated above. Vari-
ous modifications, changes and variations may be made in the
arrangement, operation and details of the methods and appa-
ratus described above without departing from the scope of the
claims.

The invention claimed 1s:

1. A method for a wireless device, comprising:

recerving an Assisted Global Positioning System (A-GPS)

estimate ol global coordinates of an another wireless
device;

using the received A-GPS estimate of global coordinates to

determine a direction of arrival (DoA) of a signal trans-
mitted from the other wireless device, wherein the
received A-GPS estimate of global coordinates 1s used as
a starting point of a sub-space search algorithm to deter-
mine the DoA of the signal transmitted from the other
wireless device;

aligning an antenna radiation pattern at the wireless device

based on the determined DoA: and

commumnicating with the other wireless device using the

aligned antenna radiation pattern.

2. The method of claim 1, wherein receiving the A-GPS
estimate of global coordinates of the other wireless device
comprises receiving the A-GPS estimate of global coordi-
nates via a logical channel.

3. The method of claim 1, wherein the wireless device 1s a
base station, and wherein the other wireless device 1s a user
terminal.
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4. The method of claim 1, wherein the wireless device 1s a
user terminal and the other wireless device 1s a base station.

5. The method of claim 1, wherein a plurality of antennas 1s
used at the wireless device and at the other wireless device.

6. The method of claim 1, wherein the antenna radiation 2
pattern 1s a beam pattern.

7. An apparatus for a wireless device, comprising:

logic for recerving an Assisted Global Positioning System

(A-GPS) estimate of global coordinates of an another
wireless device;

logic for using the recerved A-GPS estimate of global coor-

dinates to determine a direction of arrival (DoA) of a
signal transmitted from the other wireless device,
wherein the received A-GPS estimate of global coordi-
nates 1s used as a starting point ol a sub-space search
algorithm to determine the Do A of the signal transmaitted
from the other wireless device;

logic for aligning an antenna radiation pattern at the wire-

less device based on the determined DoA; and

logic for communicating with the other wireless device

using the aligned antenna radiation pattern.

8. The apparatus of claim 7, wherein the logic for receiving,
the A-GPS estimate of global coordinates of the other wire-
less device comprises logic for recerving the A-GPS estimate
ol global coordinates via a logical channel.

9. The apparatus of claim 7, wherein the wireless device 1s
a base station, and wherein the other wireless device 1s a user
terminal.

10. The apparatus of claim 7, wherein the wireless device 1s
a user terminal and the other wireless device 1s a base station.

11. The apparatus of claim 7, wherein a plurality of anten-
nas 1s used at the wireless device and at the other wireless
device.

12. The apparatus of claim 7, wherein the antenna radiation
pattern 1s a beam pattern.

13. An apparatus for a wireless device, comprising;:

means for recerving an Assisted Global Positioning System

(A-GPS) estimate of global coordinates of an another
wireless device;

means for using the recerved A-GPS estimate of global

coordinates to determine a direction of arrival (DoA) of
a signal transmitted from the other wireless device,
wherein the received A-GPS estimate of global coordi-
nates 1s used as a starting point of a sub-space search
algorithm to determine the Do A of the signal transmaitted
from the other wireless device;

means for aligning an antenna radiation pattern at the wire-

less device based on the determined DoA; and

means for communicating with the other wireless device

using the aligned antenna radiation pattern.

10

15

20

25

30

35

40

45

10

14. The apparatus of claim 13, wherein the means for
receiving the A-GPS estimate of global coordinates of the
other wireless device comprises means for receiving the
A-GPS estimate of global coordinates via a logical channel.

15. The apparatus of claim 13, wherein the wireless device
1S a base station, and wherein the other wireless device 1s a
user terminal.

16. The apparatus of claim 13, wherein the wireless device
1s a user terminal and the other wireless device 1s a base
station.

17. The apparatus of claim 13, wherein a plurality of anten-
nas 1s used at the wireless device and at the other wireless
device.

18. The apparatus of claim 13, wherein the antenna radia-
tion pattern 1s a beam pattern.

19. A computer-program product for a wireless device,
comprising a computer readable medium having instructions
stored thereon, the instructions being executable by one or
more processors and the mstructions comprising:

instructions for recerving an Assisted Global Positioning

System (A-GPS) estimate of global coordinates of an
another wireless device;

instructions for using the recerved A-GPS estimate of glo-

bal coordinates to determine a direction of arrival (DoA)
of a signal transmitted from the other wireless device,
wherein the recetved A-GPS estimate of global coordi-
nates 1s used as a starting point of a sub-space search
algorithm to determine the DoA of the signal transmatted
from the other wireless device;

instructions for aligning an antenna radiation pattern at the

wireless device based on the determined DoA; and
instructions for communicating with the other wireless
device using the aligned antenna radiation pattern.

20. The computer-program product of claim 19, wherein
the instructions for receiving the A-GPS estimate of global
coordinates ol the other wireless device comprise instructions
for recerving the A-GPS estimate of global coordinates via a
logical channel.

21. The computer-program product of claim 19, wherein
the wireless device 1s a base station, and wherein the other
wireless device 1s a user terminal.

22. The computer-program product of claim 19, wherein
the wireless device 1s a user terminal and the other wireless
device 1s a base station.

23. The computer-program product of claim 19, wherein a
plurality of antennas 1s used at the wireless device and at the
other wireless device.

24. The computer-program product of claim 19, wherein
the antenna radiation pattern 1s a beam pattern.
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